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AB Mixts. of bacterial toxin complex (TC) proteins from Xenorhabdus, 

Photorhabdus, and Paenibacillus , can be used in combination with one 
another and can act act synergistically to improve insecticidal activity. 
The TC proteins from these genera act against different ranges of insects, 
therefore, these mixts. show increased effectiveness against a broader 
range of insects than the individual proteins. Certain preferred 
combinations of TC proteins are disclosed. Synergism between proteins 
from different sources was found during coexpression of cloned genes in an 
Escherichia coli host. Not all combinations were effective, with some 
showing no activity, but with the addition of an addnl. protein raising 
mortality in feeding expts . from 0-10% to 80-100%. 
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AB The toxin complex (tc) genes of bacteria comprise a large and growing 
family whose mode of action remains obscure. In the insect pathogen 
Photorhabdus, tc genes encode high molecular weight insecticidal toxins 
with oral activity against caterpillar pests. One protein, TcdA 
, has recently been expressed in transgenic plants and shown to confer 
insect resistance. These toxins therefore represent alternatives to 
toxins from Bacillus thuringiensis (Bt) for deployment in transgenic 
crops. Levels of TcdA expression in transgenic plants were, 
however, low and the full toxicity associated with the native toxin was 
not reconstituted. Here we show that increased activity of the toxin 
TcdAl requires potentiation by either of two pairs of gene 
products, TcdBl and TccCl or TcdB2 and TccC3 . 

Moreover, these same pairs of proteins can also cross-potentiate a second 
toxin, TcaAlBl. To elucidate the likely functional domains present in 
these large proteins, we expressed fragments of each 'toxin' or 
'potentiator' gene within mammalian cells. Several domains produced 
abnormal cellular morphologies leading to cell death, while others showed 
specific phenotypes such as nuclear translocation. Our results prove that 
the Tc toxins are complex proteins with multiple functional domains. They 
also show that both toxin genes and their potentiator pairs will need to 
be expressed to reconstitute full activity in insect-resistant transgenic 
plants. Moreover, they suggest that the same potentiator pair will be 
able to cross-potentiate more than one toxin in a single plant. 
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AB Four toxin complexes were from P. luminescens culture were purified, and 
the toxin complex-encoding loci, tea, tcb, tec and ted, were 
cloned . Genetic knockout of either tea or ted residues reduced 
the oral toxicity of these toxins to Manduca sexta, and knockout of both 
loci eliminated the activity of the toxins. In bioassays, the purified Tea 
was specifically active in the insect midgut. These toxins may 
be useful alternatives to other active bacterial protein toxins. 
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AB A review, with 73 refs., on health hazards in the manufacture of chlorinated 
and phosphorated insecticides and the environmental effects of 
their release, including the TCDD pollution at Seveso, Italy. 
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AB Proteins from the genus Photorhabdus are toxic to insects upon 

exposure. Photorhabdus luminescens (formerly Xenorhabdus luminescens ) 
have been found in mammalian clin. samples and as a bacterial symbiont of 
entomopathogenic nematodes of genus Heterorhabditis . The native toxins 
are protein complexes that are produced and secreted by growing bacteria. 
The protein complexes, with a mol . size of .apprx.lOOO kDa, can be separated 
by SDS-PAGE gel anal, into numerous component proteins. The toxins 
contain no hemolysin, lipase, type C phospholipase, or nuclease 
activities, but exhibit significant toxicity upon exposure administration 
to a number of insects. PCR cloning yielded gene sequences (tea, 
tcb, tec, and ted regions) encoding the insecticidal 

toxins from P. luminescens strain W-14 and several other strains. These 
protein toxins can be applied to, or genetically engineered into, 
insect larvae food and plants for insect control . 
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AB The invention provides DNA mols. for genes tcdB and tccC2 from 

Photorhabdus luminescens strain W-14, which encode components of a toxin 

complex previously shown to have oral toxicity against insects. 

The invention also provides for the use of said DNA mols., along with DNA 

mols. for genes tcdA or tcbA, for recombinant production of 

insecticidal toxins A and B in heterologous hosts, such as plants. 

The invention further provides transgenic plants, such as rice, maize, 

tobacco and cotton, containing said P. luminescens insecticidal 

toxin genes tcdB and tccC2, and seed or progeny of seed from 

said transgenic plants. Finally, the invention discloses the DNA and 

amino acid sequences of P. luminescens gene tcdB and tccC2 toxin 

components, as well as the amino acid sequences of gene tcdA and 

tcbA toxin components. The invention discussed how said genes, methods 

and transgenic plants could be used to enhance resistance to 

insects in the field. The invention also discussed that 

coexpression of tcdB and tccC2 with tcdA or tcbA in 

heterologous hosts results in enhanced levels of oral insect 

toxicity. 
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TI Insect resistance conferred by 283-kDa Photorhabdus luminescens 

protein TcdA in Arabidopsis thaliana 
AU Liu, Dong; Burton, Stephanie; Glancy, Todd; Li, Ze-Sheng; Hampton, Ronnie; 

Meade, Thomas; Merlo, Donald J. 
CS Dow AgroSciences LLC, Indianapolis, IN, 46268, USA 
SO Nature Biotechnology (2003), 21(10), 1222-1228 

CODEN: NABIF9; ISSN: 1087-0156 
PB Nature Publishing Group 
DT Journal 
LA English 

AB The tcdA gene of Photorhabdus luminescens encodes a 2 83-kDa 

protein, toxin A, that is highly toxic to a variety of insects, 

including some agriculturally important pests. We tested the efficacy of 
transgenic toxin A in Arabidopsis thaliana for control of feeding 
insects. Plants with toxin A expression above about 700 ng/mg of 
extractable protein were highly toxic to tobacco hornworm (Manduca sexta) . 
Toxin A isolated from transgenic plants also strongly inhibited growth of 
the southern corn rootworm (Diabrotica undecimpunctata howardi) . Addition 
5' and 3' untranslated regions of a tobacco osmotin gene (osm) increased 
toxin A production 10-fold and recovery of insect-resistant lines 
12-fold. In the best line, high toxin A expression and insect 
resistance were maintained for at least five generations in all progeny. 
The intact tcdA mRNA represents the largest effective transgenic 
transcript produced in plants to date. These results may open a new route 
to transgenic pest control in agriculture. 
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AB The toxin complex (tc) genes of bacteria comprise a large and growing 
family whose mode of action remains obscure. In the insect 
pathogen Photorhabdus , tc genes encode high molecular weight 
insecticidal toxins with oral activity against caterpillar pests. 
One protein, TcdA/ has recently been expressed in transgenic 
plants and shown to confer insect resistance. These toxins 
therefore represent alternatives to toxins from Bacillus thuringiensis 
(Bt) for deployment in transgenic crops. Levels of .TcdA 

expression in transgenic plants were, however, low and the full toxicity 
associated with the native toxin was not reconstituted. Here we show that 
increased activity of the toxin TcdAl requires potentiation by 
either of two pairs of gene products, TcdBl and TccCl or 
TcdB2 and TccCS. Moreover, these same pairs of proteins can also 
cross-potentiate a second toxin, TcaAlBl. To elucidate the likely 
functional domains present in these large proteins, we expressed fragments 
of each 'toxin* or 'potentiator' gene within mammalian cells. Several 
domains produced abnormal cellular morphologies leading to cell death, 
while others showed specific phenotypes such as nuclear translocation. 
Our results prove that the Tc toxins are complex proteins with multiple 
functional domains. They also show that both toxin genes and their 
potentiator pairs will need to be expressed to reconstitute full activity 
in insect-resistant transgenic plants. Moreover, they suggest 
that the same potentiator pair will be able to cross-potentiate more than 
one toxin in a single plant. 
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